The influence of a plasticizer based on polycarboxylate esters on the properties of a high-strength fluoroanhydrite composition and a lightweight composition with expanded perlite sand is investigated. It was shown that the addition of 2% polycarboxylate esters on water base to compositions has increased compressive strength and a flexural strength up to 46% and 20% respectively compare to composite without any additives. Due to the structure's compaction of the compositions, water absorption decreased and the water resistance of the material increased. Microstructural analysis of the compositions confirmed the improvement of physical and mechanical characteristics by changing the morphology of crystallohydrate formations, increasing the contact area between new formations and modifying the structure by carbon nanotubes. The developed mixtures are supposed to be apply for self-leveling fluid mixtures for floors with reduced thermal conductivity.
Introduction
In the context of actively growing volumes of new construction and reconstruction of existing facilities, there is a high demand for dry building mixes, among which flooring levelers and self-leveling compositions are in demand. Self-leveling screeds are used to level the surface, give it stiffness, form a slope, and provide a certain level of heat absorption of the floor. Dry mixes used as floor levelers involve the use of Portland cement. However, gypsum and anhydrite compounds are widely used in construction due to a number of advantages: environmental friendliness, regulation of humidity conditions, sound and heat insulating ability, increased fire safety (Goncharov et al., 2016) .
There is a development of self-leveling mixtures based on phosphogypsum with the addition of calcium sulfoaluminate cement and granulated blast furnace slag, which allowed to obtain strength at the age of 1 day: compressive strength 6 MPa, tensile bending strength 2.5 MPa (Wang & Jia, 2019) .
In Dolgorеv et al., (2008) , a light heat and sound insulating dry mixture is proposed, which includes gypsum binder, polystyrene foam granules, modifiers, and adjusting additives. The mixture characteristics are the following: density 610 kg/cubic meter, thermal conductivity 0.11 W/m°C, water resistance 0.87, compressive strength 1.5 MPa (after 2 days). A high-strength flooring (suggested as a top layer over a heat-insulating one) based on gypsum binder, quartz sand, and additives of the following characteristics has been developed: density 2100 kg/cubic meter, thermal conductivity 0.72 W/m°C, water resistance 0.98, and compressive strength 25 MPa (after 6 days). The drying and hardening time of both compositions is 3 days.
A method for producing an anhydrite binder from technogenic anhydrite of the Polevsky cryolite plant has been patented (Pureskina et al., 2010) . The resulting binder has a compressive strength of 27 MPa and the following setting time: start at 10 minutes and end at 20 minutes. High strength indicators were achieved due to using potassium sulfate as a hardening accelerator in an amount of 1% by the weight of anhydrite and polycarboxylate as a superplasticizer in an amount of 0.4%.
Currently, solutions of polycarboxylate esters are widely used to improve the technological properties of concrete, mixes, and gypsum products (Hampel et al., 2013) , as well as ceramics: cement and gypsum plaster mixes, floor screeds, wall blocks, cast architectural details, ceramic bricks.
Polycarboxylate superplasticizer is considered the most effective dispersant of cement-based materials and also demonstrates excellent ability to disperse gypsum particles (Tan et al., 2018; Neuville et al., 2012; Guan et al., 2010) . Adding an aqueous solution of polycarboxylate esters increases the strength (Sakthieswaran & Sophia, 2018; Pan & Wang, 2011) , reduces water demand (Martin, 2015) and increases the consistency of mixtures (Müller & Hampel, 2018) . High workability of mixtures modified with polycarboxylate esters can significantly expand their field of application and makes them suitable for self-leveling floor screeds.
The aim of this study was to increase the physico-mechanical characteristics of fluoroanhydrite compositions to expand their field of use. In the course of the work, the effect of a plasticizer based on an aqueous solution of polycarboxylate esters on the properties of high-strength and lightweight expanded pearlite sand compositions based on technogenic anhydrite (Yakovlev et al., 2019a) , namely, fluoroanhydrite, a waste product of hydrofluoric acid, was studied.
The use of industrial waste is known to be one of the primary tasks of building materials science; therefore, the development of fluoroanhydrite-based compositions seems relevant from the point of view of reducing the cost of products and environmental load in places of waste accumulation (Fedorchuk, 2013).
Materials and methods
For producing a high-strength binder, powdered fluoroanhydrite was used, which is a waste product of hydrofluoric acid produced by "HaloPolymer, " corresponding to TS 5744-132-05807960-98.
The chemical composition of fluoroanhydrite is given in Table 1 .
Expanded perlite sand (GOST 10832-2009) with a bulk density of 98.9 kg/m 3 was used in the experiment. The chemical composition of expanded perlite sand is given in Table 2 .
Dispersion analysis (Yakovlev et al., 2019a ) showed that the average particle size of the expanded perlite sand is 65 μm, up to 72% of the particles of the expanded sand have sizes up to 100 μm. The average particle diameter is 10.5 μm. It is necessary to note the presence of a nanodispersed component in the composition of fluoroanhydrite with the average particle size of 140 nm.
The experiment used a superplasticizer DC-5, which is an aqueous solution of polycarboxylate esters modified with multi-walled carbon nanotubes (TS 2493-001-68708012-2014).
Analysis of physical and mechanical characteristics of compositions
To determine the physico-mechanical parameters, the compositions were prepared in the following order: fluoroanhydrite was tempered with an aqueous solution containing 2-3% activator of hydration of sodium phosphate (Yakovlev et al., 2018) and 2% DC-5 superplasticizer. In lightweight formulations, expanded perlite was added into the finished fluoroanhydrite dough to provide better adhesion of the aggregate surface to the binder matrix (Yakovlev et al., 2019b) .
The composition of compounds: 1 -control -fluoroanhydrite tempered with a 3% aqueous solution of sodium phosphate; 2 -fluoroanhydrite tempered with an aqueous solution containing 3% of sodium phosphate and 2% of DC-5 superplasticizer; 3 -fluoroanhydrite tempered with a 3% aqueous solution of sodium phosphate, 50% of expanded perlite sand added (by dry volume); 4 -fluoroanhydrite tempered with an aqueous solution containing 3% of sodium phosphate and 2% of DC-5 superplasticizer, 50% of expanded perlite sand added (by dry volume).
To determine the strength characteristics of the studied compositions, beam samples with dimensions of 40×40×160 mm were made, which hardened for the first 7 days in a humid environment and then under normal conditions until the age of 28 days. In order to ensure the reliability of the test results, for determining the water resistance of the material the samples remained in a humid environment up to the age of 28 days.
The test results are shown in Table 3 . Thus, it can be concluded that adding the plasticizer into the composition made it possible to increase the tensile bending strength of the samples by 20% and compressive strength by 30-46%. In addition, due to compaction of the compositions, the indicators of water absorption and water resistance significantly improved.
The effect of the plasticizer on the setting time of the compositions is given in Table 4 . From the data obtained, adding the plasticizer can be seen to have slowed the setting of the compositions. In particular, the setting starts 1.5 hours later for the high-strength composition 
Physico-chemical studies of the structure of the composition
Studies of the microstructure of the resulting composition were performed using a MIRA3 TESCAN microscope at the AdMaS Research Center of the Technical University of Brno. Figure 1 shows that the plasticized composition has a denser structure formed with the changing morphology of crystalline hydrate formations (Figure 1b ) and the predominance of large blocks of monolithic gypsum crystals in it (Figure 1c ). In Figure 2a , in the contact zone between the expanded perlite and the fluoroanhydrite matrix, the connection between them can be seen to be ensured by physical cohesion. In the plasticized composition (Figure 2b, c) , perlite particles are coated with amorphous new formations. 
The chemical interaction that occurs at the interface between the fluoroanhydrite matrix and the surface of the expanded perlite sand in the plasticized composition leads to the appearance of amorphous new formations that improve the adhesion between crystalline hydrates in the hardened binder.
An X-ray microanalysis of the compositions made it possible to identify gypsum crystals (Figure 3a) as well as the presence of Ca, Si, and O atoms in amorphous new formations (Figure 3b) , which suggests the formation of calcium hydrosilicates providing an additional increase in the strength of the composition.
Сonclusions
Thus, adding a 2% aqueous solution of a plasticizer based on polycarboxylate esters modified with carbon nanotubes into the composition led to an increase in tensile bending strength by 20% and compressive strength by 46% compared to the control sample. Due to the compaction of the structure of the compositions, the water absorption of 
